I. INTRODUCTION
Amidst the global efforts to reduce reliance on fossil-based energy in the past few decades, solar photovoltaic (PV) energy has emerged as one of the most promising renewable energy sources due to its reliability and cleanliness [1] [2] [3] [4] . However, high installation expenses, dependency on weather condition and low-efficiency, remain the main drawbacks of solar PV. To increase the energy yield and increase the return on investment, various maximum power point tracking (MPPT) techniques have been proposed to ensure the PV panel can operate around the maximum power point (MPP) [5] . In [6] , a review of different MPPT techniques based on analog and digital approach was presented. Apart from HVT and inductor based converters, some non-isolated converters achieve high gains based on switched capacitor (SC) technique, which can be found under categories such as voltage-lift [7, 8] , three-switch high voltage [9] [10] [11] and voltage multiplier [12] . In [13], a family of SC-based high voltage gain converters was proposed where the authors demonstrated the principles of achieving boost and buck-boost operation by configuring the position of the SC cells. However, the topologies are not extendable and are only restricted to two stages of SC cell, with limited voltage gain. In [14] , the authors attempted to improve the work in [13] by introducing switched inductor (SI) cells, such that the voltage boosting stages can be extended for higher voltage gain.
In this paper, Section 2 presents the mathematical modelling of the PV solar cell. Section 3 introduces the Four-Stage Switch Capacitor Based Boost converter utilized and the PV module employed. Section 4 presents an overview of the Hill Climbing technique under consideration. Section 5 provides the theoretical analysis for the operational performance of the HC technique on a Stand-Alone PV system utilizing a 4-SCBC. Simulation results of the proposed 4-SCBC with HC is presented in Section 6. Lastly, conclusion of this work is offered in Section 7.
II. PV MODEL
The output power of the PV cell is dependent on environmental variations by temperature and irradiation. Therefore, the PV cell is considered a non-linear DC current source. An ideal PV cell equivalent circuit model has been presented in Fig. 1 . 
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In order to assess the optimum performance of the proposed technique such variations have been taken into consideration. Table I . The SC based converters for stand-alone PV system application can utilize Maximum Power Point Tracking (MPPT) techniques. An analog and digital classification of such techniques has been presented in [6] . In particular, MPPT techniques as the conventional and modified techniques presented in [18] , optimization techniques as Ant Colony Optimization [19] , and BAT search algorithm can also be applied with an SC-based converter for MPPT tracking. This paper demonstrates that by modifying the SC cells, a simple extendable SC-based converter can be obtained based on the topology in [13] without using inductors. CFb1 DFb2 Analysis on the boost and buck-boost modes of operation is presented, and the impact on efficiency and gain, as the number of SC stage increases, are discussed.
III. 4-SCB CONVERTER
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IV. HC METHOD
The HC technique has been presented in [6, [20] [21] [22] , the principle operation of the HC technique is duty cycle dependent. For the direct implementation, change of power is considered as the primary value for the required duty cycle change. Flowchart of the HC technique has been presented in 
V. HC FOR MPPT ON 4-SCBC
The CA provides a combined approach for the HC and the FPM. This amalgamation has several advantages as it offers the precise close bracket limits, restricted operational range, and remains independent of the PV array. These merits have been highlighted as follows:
A. For High D
In some applications where high gain is required, modifications to the Boost converter is necessary. One such modified highgain boost converter is the 2-Stage Switched Capacitor (2-SSC) Boost converter as shown in Fig. 4 . Similar to the conventional Boost converter, the effective resistance for 2-SSC converter can be expressed as,
Convergence rate of can be attained as
Similarly, as observed from equation (3), the change in voltage for 2-SSC Boost is directly proportional with duty cycle. However, the change in voltage will be less than that observed with conventional boost converter.
B. At MPP
Similarly, for 2-SSC the change in voltage with respected to D, closer to MPP can be realized as,
C. For Low D
Similarly, for 2-SSC the change in voltage with respected to D, away from MPP at low D can be realized as,
From equations (3) and (5), the directions of input voltage and the Duty cycle remain the same, so the change in voltage is essentially positive and higher than the conventional boost converter.
VI. SIMULATION RESULTS
Matlab Simulink software has been utilized in the research work to validate the optimum performance of the proposed method for MPPT. As discussed earlier the CA has been evaluated on the environmentally changing conditions. As observed in This proves that the CA under steady state operation offers a better performance than HC by eliminating the oscillation around the MPP. Further, during a change in irradiance the FPM settles in almost 3 steps for 700 W/m 2 irradiance. Moreover, the operation back to 1000 W/m 2 also requires 6 steps to attain the MPP. Therefore, for the CA, the HC under the constant current region is utilized to predict the close bracket limits, making the technique PV array independent, offers a wide range of operation, offer a real-time performance and above all the CA remains simple to implement.
VII. CONCLUSION
The HT offers an improved performance for DMPPT. As, the HT, due to its combination of MINC and MCNM, attains reliability, accuracy and speed. Moreover, the application of DMPPT on Buck, Boost, OBC and 2-SSC converter topologies has been theoretically analyzed to ascertain the optimum performance of DMPPT for such converters. The shortcomings of CNM have also been addressed, as the HT is PV array independent, determines the range of operation based on real weather conditions and remains accurate in determining the initial guesses so that the numerical methods can operate accurately. Simulation and experimental results present a quite evident picture that the HT offers an improved performance for MPPT. It offers a moderated approach between the conventional MPPT techniques and the numerical methods. It is convenient because of the convergence at the MPP and the faster response as compared to the MINC.
